HOSPITAL AND MEDICAL FACILITIES SERIES 




Effects of GLAZING 

and BUILDING ORIENTATION 
on HOSPITAL AIR-CONDITIONING COSTS 



by Kenneth L, Credfe 

Mechanical Engineer 



U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 

Public Health Service 

Division of Hospital and Medical Facilities 

Architectural and Engineering Branch 

Washington, D.C. 20201 



Public Health Service Publication No, 930-D-18 
1965 



U.S. Government Printing Office 
Price 15 cents 



FOREWORD 



An important consideration in the planning of today's hospital is 
the applicability of various innovations in architecture and engineering , 
Of growing interest to many hospital designers are the questions re- 
lating to the recent trend in the use of large expanses of glass in the 
exterior wall. As with many new developments, the implications of 
this trend cannot be fully realized until its total effect is evaluated. 

This publication is presented to indicate to those responsible for 
the design of hospitals some of the effects of glazing and building 
orientation on hospital air-conditioning costs . 





Haraia MT Granj^/M.D. 
Assistant Sirt?geon (Seneral 
Chief, Division^tf/Hospital 
and Medical Facilities 
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INTRODUCTION 



The past decade has seen many new develop- 
ments in architectural and engineering design for 
the construction of buildings . Many of these in- 
novations are functionally sound and aesthetically 
desirable when applied with sound judgment and a 
thorough under standing of their implications to the 
total structure . However, as with most new de- 
velopments, experience is required to demonstrate 
many of the unanticipated problems associated 
with their application. Among these new develop- 
ments which should be considered carefully by 
those entrusted with planning and construction of 
new medical facilities is the use of large glass 
areas for exterior building walls in lieu of con- 
ventional wall construction, 

Over the years, glazed openings have played 
an indispensable part in satisfying man's desire 
to observe his natural surroundings while main- 
taining a degree of protection from the elements . 
Also they have served as a means of providing 
light and ventilation, Such openings are considered 
of sufficient importance to man's well -being that 
they are a mandatory requirement for habitable 
areas in many building codes . 

The extensive use of glass in exterior walls, 
however, is of comparatively recent origin, It 
became practical for environmental comfort only 
after the art of heating and cooling had progressed 
to its present stage, as exemplified by the modern 



air -conditioning system. These modernsystems 
not only compensate for the extremely high heat 
gain and loss through large glass areas, but also 
provide fresh air andan environmentwith the de- 
sired temperature and humidity. 

Experience with air-conditioning has indi- 
cated that windows should not be opened indis - 
criminately by occupants of the building if the ef- 
fectiveness of the air-conditioning system is to 
be maintained. As a result, the functional use 
of windows as a means of ventilation is fast dis- 
appearing. This is particularly true inhospitals 
where the control of air within and between de - 
partments is assuming more importance in the 
control of the spread of infective particulates and 
odor. 

With the advances inmodern artificial Illumi- 
nation, it is possible to provide more comfortable 
lightinglevels for general use and certainly more 
efficient lighting for clinical examination and gen- 
eral observation of the patient than by the use of 
natural light provided by windows . The ability 
to view the exterior surroundings can be of ex- 
treme importance in the long-term care type fa- 
cility and windows should not be eliminated from 
nursing areas of the general hospital. However, 
they serve no particular therapeutic purpose in 
diagnostic, treatment, intensive care, and nurs- 
ery units . 



BASIC THERMODYNAMIC PRINCIPLES 



The choice of the exterior wall material, 
whether it be glass, masonry, or anydesired com- 
bination of these, and the choice of the orientation 
of these walls and the configuration of the hospital 
within the confines of the proposed hospital site 
are the prerogatives of the hospital planning board 
and their architects , But in exercising these pre- 
rogatives, they should be aware of the effect these 
choices may have on the initial construction costs 
and the operating costs, taking into consideration 
the basic thermodynamic principles involved. To 
indicate some of the possible results of these 
choices, the following discussion and charts are 
presented . 

One of the thermodynamic principles used is 
the heat flow through an exterior wall because of 
the difference in temperature on opposite sides of 



the wall . The rate at which this heat flow takes 
place is known as the heat transmission factor , 
The heat transmission factor for a square foot of 
window glass is 1 .13 BTU's per hour per degree 
Fahrenheit temperature difference on opposite 
sides of the glass . In comparison, the masonry 
wall used in the discussion and charts to follow 
was composed of 4-inch face brick, 8-inch cinder 
block, lath, and plaster. It has a transmission 
factorper square foot of 0,23 BTU's per hour per 
degree Fahrenheit temperature difference, ap- 
proximately one -fifth that of the glass, The trans - 
mission factor for most materials and combi- 
nations of materials is available to the hospital 
architect. By a judicious selection of materials, 
he can control, within economic limits, the rate 
of heat transmission resultingfrom the difference 
in the outside and the inside temperatures. 
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The second thermodynamic principle used is 
the heat gain caused by exposure to the sun. There 
are many elements that affect the amount of heat 
that reaches a particular wall from the sun. Among 
those that the hospital designer cannot control are 
the time of the year and the day, the haze or clouds 
in the sky, and the altitude and geographical lo- 
cation. Amongthose that the designer may or may 
not control are the orientation of the building rela- 
tive to the sun, and the amount of solar heat re- 
flected by, transmitted directly through, and/or 



absorbed by the exterior walls . The amount of 
solar heat transmitted directly through a particu- 
lar wall depends on the opaqueness or trans - 
parencyof that wall . A brick wall would keep all 
the solar heat from being transmitted directly 
through, while a single pane of clear glass will 
transmit directly through up to 87 percent of the 
solar heat . The amount of sunshine absorbed by 
a wall is that which has not been either reflected 
by or transmitted through the wall . 



DESIGN CONDITIONS AND ASSUMPTIONS 



The following design conditions and assump- 
tions were used in developing the charts which 
follow: 

1 . The hospital is located at a 40 latitude 
andhasa solar declination of 18 north on August 1 
with outside temperatures of 95F. dry bulb and 
78F,wet bulb, and inside temperatures of 80F, 
dry bulb and 67F.wet bulb. 

2. All exterior glass values used on all 
charts, except chart 8, were calculated for single 
regular plate glass without any of the reduction 
factors associated with inside or outside shading 
devices, double glass, or heat absorbing glass . 

3 . The masonry wall used was composed of 
4-inch face brick, 8-inch cinder block, lath,and 
plaster . 

4. One ton of cool ing is equal to 12,000 
BTU's per hour. 

5. Anestimated installed cost of $1,000 per 
tonof air-conditioning system was used. (To de- 
termine chart values for other per ton costs, multi- 
ply the chart value by the new ton cost and divide 
by 1,000.) 

6. The per square foot of exterior values 
shown on the charts were computed by using only 
the heat gain or loss caused by the exterior con- 
ditions andthe inside design temperatures . They 
do not include any of the heat gain due to people, 
equipment, lights, and outdoor ventilating air , 



7. The estimated operating and mainte- 
nance costs of the cool ing portion of the air- 
conditioning system were based on a one -hundred - 
ton system, with the compressor cooling tower 
and pump operating 1 , 000 hours, and the blower 
fans and circulating pump operating 3 , 600 hours . 
This cost was prorated to the per square foot re- 
quirements of the exterior walls . The estimated 
costs included electrical energy, electrical de- 
mand, waterusedbycoolingtower, oiling, greas- 
ing, cleaning, and repairing. 

8 . The estimated maintenance cost of the 
masonry wall includes cleaning exterior brick 
(once in 35 years), repointing exterior brick 
(once in 35 years), and p a i n t i n g interior wall 
(once each year) with these costs prorated per 
year per square foot . 



9 . The estimated maintenance cost of regu - 
lar plate glass window includes cleaning windows 
(4 times per year) and caulking windows (once In 
16 years) prorated per year per square foot, but 
does not include any replacement costs of broken 
windows . 

10. The estimated yearly cost of winter 
heating fuel per square foot of exterior wall is 
based on 5, 400 degree days for design conditions 
of 0E outside and 70F. inside for an area similar 
to Dayton, Ohio, It does not include any reduction 
in fuel requirements because of heat gain from 
sun shining on walls or internal heat producing 
factors such as people, lights, and equipment. 



PER-SQUARE-FOOT COST CHARTS 



Chart .1 shows a plot of the estimated installed 
cost ($.1,000 per ton) of the air -conditioning (cool- 
ing) system required per square foot of exterior 
wall for various percentages of masonry and single 
plate glass for four different exposures. This 
chart shows that the amount of air conditioning 
required increases with an increased percentage 
of glass. It also indicates that the larger the per- 
cent of glass, the more important the orientation 
of the wall becomes. A square foot of glass on 
the west requires approximately six times as much 
cooling as a square foot of glass on the north. 




Chiii'i 1, liiHinlled cost of nil- conditioning (cooling) 
re (i ui red Iiccnuao of hcut giilii through the exterior 
wall. 



Chart 2 adds the estimated costs of the ex- 
terior walls to the installed cost of the air con- 
ditioning of chart 1 . The costs of the exterior 
walls used were $3.60per squarcfoot of masonry 
and $5.60 per square foot of single regular plate 
glass , This chart shows that paying more for an 
exterior wall does not always result in a reduction 
in associated costs. Chart 8, to be discussed 
later, indicates circumstances inwliich the spend- 
ing of additional construction money may be eco- 
nomically justified. 

Chart 3 is a plot of the estimated cost to 
maintain the exteriorwall (inside andoutside sur- 
faces) for various percentages of masonry and 
single regular plate glass. The masonry wall 
maintenance cost includes the painting of the in- 
side surface once a year, and cleaning and re - 
pointing exterior brick once in 35 years prorated 
per year. The single regular plate glass wall 
maintenance cost includes the cleaning of the 
glass four times per year, and recaulking the 
glass once in 16 years, prorated per year. The 



costs used in the chart do not include any costs 
of maintaining curtains, Venetian blinds, screens, 
or shading devices that might be used with a 
single regular plate glass. 
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Churl 2, Combined installed cost of exterior wall 
uncl air conditioning (cooling) required because of 
lie lit gum through the exterior wall. 
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Chart 3. Ycnrly cost to maintain the exterior wall. 



Chart 4 is a plot of the estimated cost to 
operate the air-conditioningsystemfor the cool- 
ing season per square foot of exterior wall for 
four different exposures . This cooling season 
was estimated to be 5 months and included 3, 600 
hours of blower fans and chilled water circulating 
pump operation and 1 , 000 hours of compressor, 
cool ing tower fan, and pump. Thischartdoes not 
include any winter operation cost of compressor 
and cooling tower , It shows that as the percent 
of glass increases the cost goes up. In addition, 
it shows that the cost of operation can be reduced 
by avoiding the large expanses of glass on the 
west. 

Chart 5 is a plot of the estimated costs to 
maintain the required air-conditioning (cooling) 
system per square foot of exteriorwall forvari- 



ious percentages of masonry and single regular 
plate glass for four different exposures . 
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Chart 4. Cooling season cosl to operate the air- 
condilioning system required because of heat gain 
[lirough the exterior wall. 
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Chart S, Yearly cost to mnintnin the air conditioning 
(cooling) required because of heal gain through the 
exterior wall. 



Chart 6 is a plot of the combined operation 
and maintenance costs per year of the air- 
conditioning (cooling) system required per square 
foot of exterior wall for various percentages of 
masonry and single regular plate glass for four 
different exposures . 
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Chart 7 is the sum of the costs represented 
in charts 3,4, and 5. It is the combined yearly 
cost per square foot of exterior wall to maintain 
the exterior wall, and to operate and maintain the 
air-conditioning (cooling) system required by 
various percentages of masonry and single regu- 
lar plate glass for four different exposures . 
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Cliarl 7. Combined yearly cost lo maintain the ex- 
terjor will and lo operate nml nmhilniii ihe nir con- 
ditioning (cooling) required beeiimc of hen I giiin 
through the exterior wnll. 



Chart 8 is a bar graph which shows the air- 
conditioning (cooling) requirements per square 
foot for several different window types, as well 
as a square foot of masonry, for four different- 
exposures. The window types include: single 
regular plate glass, double regular plate glass, 
single heat absorbing glass, single regular plate 
glass with Venetian blinds, and single regular 
plate glass with exterior shading screen. This 
chart indicates that almost any modification of a 
plain glass opening will reduce the solar gain 
through it and thereby reduce thealr-concUtioning 
requirements . It is possible in some instances, 
that the savings resulting from the reduction in 
the air-conditioning requirements could pay for 
the additional cost of blinds, shading screens, 
etc . The chart indicates this would be more likely 
for an east or west exposure . 

Chart 9 is a plot of the solar heat gain through 
each square foot of single regular plate glass in 
an exterior wall for four different exposures on a 
sunny November 21st or January 21st at a 400 
latitude . The horizontal dotted line on the chart 
at 79 BTU's is a reference line to indicate the de- 
sign heat loss or the amount of heat needed to 
maintain a 70op, temperature in a room with a 0F 
outside temperature . The chart shows that all 



exposures would require about 79 BTU's of heat- 
ing from a heating system prior to 8 a.m. and 
after 4 p . m . to maintain a 7(PF. inside tempera- 
ture , But between 8 a.m. and 4p.m., the re- 
quirements to maintain a 70F. inside temperature 
vary witli (he exposure and the time of clay. For 
instance, at 12 noon a square foot of glass on the 
north would receive about 11 BTU's solar heat and 
would require only 68 BTU's from the heating 
system to maintain a 70F, inside temperature. 
The glass on the east would require 22 BTU's of 
cooling at 9 a . m . and glass on the west would re- 
quire 22 BTU's of cooling at 3 p.m. A southern 
exposure would require some cooling from a little 
after 8 a.m. to just before 4 p.m. with a maxi- 
mum of 90 BTU's of cooling needed at 12 noon to 
maintain a 70F. inside temperature. The masonry 
wall (U-.23) is not shown on this chart, but its 
design heat loss would be 16.1 BTU's with 0F. 
outside and 70F, inside for all exposures. With 
the masonry wall in the sun the heat required to 
maintain 70F. inside would be reduced, but not 
enough to require cooling. 



IB. 00 

Ifi.OO 

5 H.OO 

|U 12.00 

g 10.00 

i/i 

G.OO 

6.00 

O 4.00 
n 

2.00 
0.00 





b ~~ 




-] 


c 






(1 


~ 











- 


b 


c 






- 




-111 


















- 


Ji 


Ik. 






r . 
LJn_ 



NORTH 



EAST 



SOUTH 



WEST 



Churl 11.' IiiHttillcd coal of the nir conditioning (cool- 
hit!) required IICCJIIIBC of heal gain through several 
exterior combinations, 
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Chart .10 is a plot of the estimated yearly 
fuel cost of No. 6 fuel (6^/gal.) required per 
square foot of exterior wall by various percent- 



ages of single regular plate glass and masonry 
wall (U=.23) based on design heat loss of 0F. out- 
side, 70F. inside, and 5, 400 degree days. No 
allowance was made for any heat gain caused by 
the sun shining on the exterior walls on sunny 
days, although chart 9 shows that this heat gain 
could be significant when trying to maintain a 
70F. inside temperature. The estimated heating 
fuel costs per heating season per square foot of 
exterior wall shown on the chart were from 1 . 7 
cents for a square foot of masonry wall (U=.23) 
to 8.3 cents for a square foot of single regular 
plate glass . 
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Churl 9. Renting and/or cooling required on a 
sunny November 21 or January 21 nl a 40 latitude 
because of heat gain or loss through single pint a glass 
with F. outside temperature. 
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Chart 10. Heating senson coat of No. 6 fuel required 
because of bent loss through the exterior wall. 



CHART VALUES APPLIED TO TYPICAL HOSPITAL 



The preceding discussion and charts 1 to 10 
are concerned with some of the costs related to 
a square foot of exterior wall for various per- 
centages of masonry and/or glass for four differ- 
ent exposures. Figures 1 and 2, which follow, 



show the effect of the choice of exterior wall ma - 
terialand orientation on costs for a typical hos- 
pital. Figures 1 and 2 are for the same sized 
hospital 200 feet on the long sides, 50 on the 
short sides, and 50 feet high. 



Figure 1 shows the hospital with the long sides 
east and west and the short sides north and south. 
The first cost shown is $124,474 ($1,000 per ton) 
which is the estimated installed cost of the air- 
conditioning (cooling) system required because of 
the heat gain through the exterior walls consisting 
of 30 percent single regular plate glass and 70 per- 
cent masonry (U=.23). The second cost shown is 
$7,056 which is the estimated cost per year to 
operate and maintain this air-conditioning (cooling) 
system. 

Figure 1 also shows the estimated costs when 
the 30 percent glass portion of the wall was in- 
creased to 40 percent and the 70 percent masonry 
decreased to 60 percent . The installed cost of 
air conditioning required because of the exterior 
wall heat gain is increased to $160,092 which is 



$35,618 more than it was with a 30 percent glass 
exterior wall. The estimated operation and main- 
tenance cost per year was increased to $9,075 
which is $2,019 more than it was with 30 percent 
glass . 

The costs given in figure 1 show that if the 
quantity of single plate glass installed in the ex- 
terior wall is increased from 30 percent of the 
total wall surface to 40 percent, a 28 percent in- 
crease in the quantity of air conditioning could 
be required because of the heat gain through the 
additional glass surface; a 28 percent increase 
in the annual cost of operation and maintenance 
of this system could also result . 

Figure 2 shows the same size hospital as in 
figure 1 except the orientation, or exposure, is 




EXTERIOR WALLS: 30% SINGLE REGULAR PLATE GLASS 

70% MASONRY . 

AIR CONDITIONING: INSTALLED COST *I24,474 

OPER. AND MAINT. PER YEAR 7,056 

EXTERIOR WALLS: 40% SINGLE REGULAR PLATE GLASS 

60% MASONRY . 

AIR CONDITIONING: INSTALLED COST J I60,092 

OPER. AND MAINT. PER YEAR 9,075 



Figure 1. Hospital oriented with long sides enst and west. 



changed so that the long sides are north and south 
and the short sides are east and west . The first 
cost shown in figure 2 is $91, 118, the estimated 
installed cost of the air-conditioning (cooling) 
system required because of the heat gain through 
the exterior walls consisting of 30 percent single 
regular plate glass and 70 percent masonry (U= 
.23). The second cost shown is $5,165 which is 
the estimated cost per year to operate and main- 
tain this air-conditioning system. 



Figure 2 also shows the estimated costs when 
the 30 percent glass portion of the walls was in- 
creased to 40 percent and the 70 percent masonry 
decreased to 60 percent. The installed cost of 
the air-conditioning (cooling) system is increased 
to $116,734 which is $25, 616 more than it was 
when the exterior wall was 30 percent glass . The 
estimated operation and maintenance per year was 
increased to $6, 617 which is $1,452 more than it 
was with a 30 percent glass exterior . 





EXTERIOR WALLS: 30% SINGLE REGULAR PLATE GLASS 

70% MASONRY * 

AIR CONDITIONING: INSTALLED COST *9I,U8 

OPER. AND MAINT. PER YEAR 5,165 

EXTERIOR WALLS: 40% SINGLE REGULAR PLATE GLASS 

60% MASONRY * 

AIR CONDITIONING: INSTALLED COST *II6,734 

OPER. AND MAINT. PER YEAR 6,617 

Figure 2. Hospltnl oriented with long sides north and south. 

COMPARISON OF FIGURES 1 AND 2 



A comparison of the costs in figures 1 and 2 
shows that the estimated installed costs of the air 
conditioning required by the exterior walls with 
30 percent single regular plate glass vary from 
$124, 474 with long sides east and west to $91, 118, 
with the long sides north and south. The orien- 
tation in this instance makes a $33, 364 difference, 

A comparison of the costs noted in figures 1 
and 2 shows that installed costs of the air condition- 



ingrequiredby the 40 percent single regular plate 
glass exterior walls vary from $160, 092 with the 
long sides east and west to $116, 734 with the long 
sides north and south; The orientation of the 
hospital in this instance makes a difference of 
$43,358. 

A comparison of the operation and mainte- 
nance per year costs in figures 1 and 2 shows 
that costs for the 30 percent single regular plate 



glass exterior walls vary from $7,056 for long 
sides east and west to $5, .165 with the long sides 
north and south. This is a difference of $1,891 
for each year the system operates . 

The comparison of the operation and mainte- 
nance costs in figures 1 and 2 for the 40 percent 
single regular plate glass exterior walls shows 
that costs vary from $9,075 with long sides east 
and west to $6, 617 when the long sides are north 
and south. This is a difference of $2, 458 for each 
year the system operates . 



All the preceding discussion, charts, and 
figures are presented to make hospital owners 
and hospital designers more aware of the effect 
the choice of the exterior wall materials and the 
orientation of those walls can have on hospital 
construction and operating costs. It is also in- 
tended to show that if glass is to be used exten- 
sively as an outside wall material, careful con- 
sideration should be given to the orientation of the 
building and to the use of shading devices or heat 
absorbent types of glass . 
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